ABSTRACT The milfoil weevil, Euhrychiopsis lecontei Dietz, is a North American herbivore associated with declines of Eurasian watermilfoil (Myriophyllum spicatum L.) in the United States. The weevil is a watermilfoil specialist and northern watermilfoil (M. sibiricum Komorov) is its native host plant. Previous studies have reported better developmental performance (egg to adult development) on Eurasian watermilfoil (exotic host) than on northern watermilfoil (native host). The reported difference in performance between host plants and the weevilÕs occurrence in two distinct geographical regions in Washington State (eastern and western Washington) led us to conduct laboratory experiments to compare the developmental performance between weevil and host plant populations. No signiÞcant differences were detected in the egg to adult development time for eastern and western Washington weevils reared on Eurasian or northern watermilfoil from both regions. Regional differences, however, were found in egg to pupa development time, number of days spent as a larva, and body size at emergence. Eastern Washington weevils (northern watermilfoil source population) reared on northern watermilfoil from western Washington had signiÞcantly longer egg to pupa development time and larval stage than weevils reared on northern watermilfoil from eastern Washington. In addition, eastern Washington weevils reared on northern watermilfoil from eastern Washington had signiÞcantly greater body length than those reared on Eurasian watermilfoil from western Washington. Results indicate that developmental performance on Eurasian watermilfoil is not always better than on northern watermilfoil, and performance may vary with watermilfoil population and/or host plant quality.
SEVERAL WEEVIL (CURCULIONIDAE) SPECIES have been used throughout the world as biological controls of invasive plants (Julien and GrifÞths 1998) . One weevil species that has received recent attention by researchers and lake managers is Euhrychiopsis lecontei (Dietz). This North American aquatic weevil is a potential biocontrol agent of Eurasian watermilfoil (Myriophyllum spicatum L.), an invasive aquatic plant that has spread across the United States and Canada. Researchers in Vermont Sheldon 1993, Sheldon and OÕBryan 1996) and Minnesota , Mazzei et al. 1999 have described E. leconteiÕs life history and herbivory. Females lay eggs primarily on the meristems of watermilfoil plants. Newly hatched larvae feed on the meristem, and as they become older, remove vascular tissue by tunneling down through the stem (Newman et al. 1996, Sheldon and OÕBryan 1996) . Eventually, the larvae curl up inside the stem in the lower parts of the plant and pupate. Once pupation is completed, adults emerge and swim toward the upper portions of the plant. Weevils develop from egg to adult in Ϸ30 d at water temperatures ranging from 21.5 to 24ЊC (Sheldon and OÕBryan 1996) .
Field studies have found that E. lecontei occurs on Eurasian watermilfoil, as well as on the native northern watermilfoil (M. sibiricum Komarov) (Creed and Sheldon 1994a , b, Newman and Maher 1995 . Laboratory trials with both watermilfoil species indicate that weevils reared on Eurasian watermilfoil prefer Eurasian watermilfoil for feeding and oviposition (Solarz and Newman 1996 , 2001 , Sheldon and Jones 2001 . In addition, there is evidence that the weevil may have better developmental performance and a higher fecundity when reared on Eurasian watermilfoil (Newman et al. 1997 , Sheldon and Jones 2001 , Solarz and Newman 2001 .
In Washington State, E. lecontei is present in two distinct geographic regions, eastern and western Washington, which are separated by the Cascade Mountains. The regions have very different climatic and often water quality conditions. Eastern Washington has colder winters and warmer summers than western Washington. Lakes in eastern Washington generally have harder waters than lakes in western Washington. The weevil is more common in Eastern Washington, where it is associated with both Eurasian and northern watermilfoil. In western Washington, the weevil occurs primarily on Eurasian watermilfoil (Tamayo et al. , 2000 . Given the disjunct distribution of the weevil, it is unknown if developmental performance varies between eastern and western Washington weevil populations and watermilfoil species. In addition, there is no information on whether the weevilÕs performance varies among Eurasian or northern watermilfoil populations. Understanding the weevilÕs developmental performance is necessary for evaluating this insectÕs potential as a biological control of Eurasian watermilfoil. Based on previous studies (Newman et al. 1997, Solarz and Newman 2001) , we hypothesized that weevil performance would be greater on Eurasian than on northern watermilfoil. We also hypothesized that developmental performance would vary with region. The goal of our study was to determine if E. leconteiÕs development time, survival, or adult size differs with region (eastern or western Washington), rearing plant (Eurasian or northern watermilfoil), or rearing plant population.
Methods and Materials

Study Sites
During the summers of 2000 and 2001, apical stems of Eurasian and northern watermilfoil were collected from seven lakes, four of which were in eastern Washington and three were in western Washington. Northern watermilfoil was collected from three lakes in eastern Washington (Corral Lake, Burke Lake, and Warden Lake [all in Grant County]) and one lake in western Washington (Beaver Lake, Clallam County). The lakes in eastern Washington had a total alkalinity from 94 to 257 mg/liter CaCO 3 , whereas the lakes in western Washington ranged from 27 to 58 mg/liter CaCO 3 . Eurasian watermilfoil was collected from one lake in eastern Washington (Whitestone Lake, Okanogan County) and two in western Washington (Lake Sawyer, King County; Clear Lake, Skagit County). To date, the weevil has only been detected in four (Burke Lake, Corral Lake, Warden Lake, and Lake Sawyer) of the seven lakes , Tamayo 2003 . Thirty apical stems (30 cm long) were collected from each lake every 7Ð10 d. Only nonßowering plants with intact meristems were collected. Plants that showed signs of senescence, autofragments (Eurasian watermilfoil only), turions (northern watermilfoil only), ßowers, or that had damaged or missing apical meristems were avoided. The watermilfoil stems were kept refrigerated (Ϸ10ЊC) in the laboratory. Macroinvertebrates and epiphytic algae were removed from each stem before being used in the experiments.
In addition, 12 weevil pairs from eastern Washington and 12 pairs from western Washington were collected. Six of the pairs from eastern Washington were collected from Corral Lake in 2000. However, very few adults were found in Corral Lake in the summer of 2001. Therefore, six weevil pairs were collected from Warden Lake (Ϸ10 km east of Corral). Western Washington pairs were collected from Lake Sawyer. All weevil pairs were mated in the Þeld by placing each pair in a small plastic glass with lake water. Once mating occurred, each pair was transferred into a ziploc bag that was partially Þlled with lake water and had a small watermilfoil stem (Ϸ10 cm long). The pairs were brought to the laboratory, where they were each placed in a clear plastic container (Ϸ15 cm tall by 10 cm in diameter) Þlled halfway with deionized water and a watermilfoil stem (Eurasian or northern; see Experimental Design). Each container was covered with a clear plastic lid to prevent the pair from escaping.
Experimental Design
Four laboratory experiments were conducted during the summers of 2000 and 2001 to compare the weevilÕs egg to adult development. Six weevil pairs were used for each experiment. Each pair was placed with a watermilfoil stem (Eurasian or northern; see individual experiments below) until they laid an egg on the plant (usually on the meristem). The stem was examined daily under a dissecting scope and was replaced approximately every 2Ð 6 d if oviposition had not occurred or if the stem had been grazed extensively. When an egg was laid, a small weight was attached to the bottom portion of the stem before placing it in a clear plastic cylinder (60 cm tall by 7 cm in diameter) with deionized water and 10 cm of aquarium gravel on the bottom of the cylinder. The water depth in each cylinder was 50 cm, and water was added periodically to compensate for evaporation. The opening of each cylinder was covered with a Þne mesh to prevent any of the emerging adults from leaving the cylinders. All of the cylinders were aerated using a glass pipette connected to an air hose. The stem was monitored daily through the cylinder to check the development of each life stage (egg, larva, pupa, and newly emerged adult). We used the criteria described by Newman et al. (1997) and Mazzei et al. (1999) for stage determination. During the larval stage, the stem in each cylinder was replaced with a new stem approximately every 4 Ð7 d, depending on the amount of larval damage. A portion of the old stem (6 Ð10 cm long) containing the larva was attached to a new stem using plastic cable ties. The larva usually transferred to the new stem within 1 or 2 d. Once pupation began, the stem was left unchanged. Emerging adults were sexed, and their length (directly above the eye to the posterior of the pygidium) and width (widest part of the abdomen on the dorsal side) were measured. The distance of the pupal chamber from the apical meristem was recorded, and stem diameter directly above each pupal chamber was also measured.
Each time a weevil pair laid an egg it was given a new watermilfoil stem. The watermilfoil species presented to a pair was alternated so that if a pair laid an egg on a Eurasian watermilfoil plant, the next plant presented was northern watermilfoil and vice versa. Experiment 1: Eastern Washington Weevils-Eastern Washington Watermilfoils. Weevils from Corral Lake were reared on northern watermilfoil from Corral Lake (control), Eurasian watermilfoil from Whitestone Lake (treatment 1), and northern watermilfoil from Burke Lake (treatment 2).
Experiment 2: Eastern Washington WeevilsWestern Washington Watermilfoils. Weevils from Warden Lake were reared on northern watermilfoil from Warden Lake (control), Eurasian from Clear Lake (treatment 1), and northern watermilfoil from Beaver Lake (treatment 2). A third treatment was added to this experiment, which consisted of northern watermilfoil from Burke Lake in eastern Washington (treatment 3).
Experiment 3: Western Washington WeevilsWestern Washington Watermilfoils. Weevils from Lake Sawyer were reared on Eurasian watermilfoil from Lake Sawyer (control), Eurasian watermilfoil from Clear Lake (treatment 1), and northern watermilfoil from Beaver Lake (treatment 2).
Experiment 4: Western Washington WeevilsEastern Washington Watermilfoils. Weevils from Lake Sawyer were reared on Eurasian watermilfoil from Lake Sawyer (control), Eurasian from Whitestone Lake (treatment 1), and northern watermilfoil from Burke Lake (treatment 2).
Statistical Analyses
One-way analyses of variance (ANOVAs) and ttests were used to compare (1) emerging adult length and width, (2) pupal chamber diameter and distance from the apical meristem, (3) larval damage per day, and (4) development times of each life stage within each experiment. Two-way ANOVA were conducted to compare the development time from (1) egg to adult and (2) egg to pupa among the four experiments. For the two-way ANOVA, the dependent variable was development time (egg to adult or egg to pupa), while the Þxed factors were experiment number (i.e., 1, 2, 3, and 4) and experimental group (i.e., control, treatment 1, and treatment 2). Pairwise comparisons were made using Tukey and Dunnett tests if a signiÞcant difference was found among the groups. Survival data were compared with contingency tables using Zar (1996) . An ␣ level of 0.05 was used for all statistical analyses. The t-test, ANOVA, Tukey, and Dunnett tests were conducted in SPSS 9.0 statistical software (SPSS 1997 (SPSS , 1999 .
Results
Experiment 1: Eastern Washington Weevils-Eastern Washington Watermilfoils
Weevil females laid an average of 2 Ϯ 0.4 eggs/d. Egg survival on Eurasian and northern watermilfoil ranged from 79 to 85%, and hatching on average occurred within 3Ð 4 d (Table 1 ). Both hatching time and success did not differ signiÞcantly between Eurasian and northern watermilfoil (hatching time: F ϭ 1.2, df ϭ 2,34, P Ͼ 0.2; hatching success: 2 , df ϭ 2, P Ͼ 0.05). The larval stage lasted 11Ð13 d on both watermilfoil species (Table 1 ). The amount of larval damage per day was the same on Eurasian and northern watermilfoil (0.8 Ϯ 0.1 cm). None of the larvae reared on the northern watermilfoil from treatment 2 (Burke Lake) completed the pupal stage. Pupation time was not signiÞcantly different between Eurasian and northern watermilfoil (t ϭ Ϫ1.1, df ϭ 8, P ϭ 0.3) and ranged from 8 to 9 d (Table 1) . Egg to pupa development time and survival (31Ð57%) were not signiÞ-cantly different among treatments (egg to pupa development time: F ϭ 0.6, df ϭ 2,18, P ϭ 0.6; egg to pupa survival: 2 , df ϭ 2, P Ͼ 0.1). The same was true for egg to adult development time and survival between Eurasian and northern watermilfoil (egg to adult development time: t ϭ Ϫ1.5, df ϭ 8, P ϭ 0.2; egg to adult survival: 2 , df ϭ 1, P Ͼ 0.05). On average, weevils developed from egg to adult in 21 d on northern watermilfoil and 24 d on Eurasian watermilfoil at 26.4ЊC.
No signiÞcant differences in body size were found between parental males and females (parental body length: t ϭ 0.9, df ϭ 6, P ϭ 0.4; parental body width: t ϭ 1.0, df ϭ 6, P ϭ 0.4) or between male and female progeny (progeny body length: t ϭ Ϫ0.2, df ϭ 7, P ϭ 0.9; progeny body width: t ϭ Ϫ0.5, df ϭ 7, P ϭ 0.7). Parental adults were signiÞcantly longer, but not wider, than their progeny (body length: t ϭ 3.3, df ϭ 9, P ϭ 0.01; body width: t ϭ Ϫ0.08, df ϭ 11, P ϭ 0.9). Parental adults were 3.0 Ϯ 0.03 mm long and 1.4 Ϯ 0.08 mm wide, whereas adult progeny were 2.7 Ϯ 0.09 mm long and 1.4 Ϯ 0.1 mm wide. The body size of adult progeny did not vary signiÞcantly among weevil pairs (body length: F ϭ 0.5, df ϭ 3,5, P ϭ 0.7; body width: F ϭ 1.0, df ϭ 3,5, P ϭ 0.5). Weevil progeny showed similar body sizes when reared on Eurasian and northern watermilfoil. Eurasian raised adult progeny were 2.7 Ϯ 0.1 mm long and 1.4 Ϯ 0.2 mm wide; northern raised adult progeny were 2.6 Ϯ 0.1 mm long and 1.3 Ϯ 0.1 mm wide. Both watermilfoil species had pupal chambers with a stem diameter of 2Ð3 mm. The cham-bers on northern watermilfoil were in general closer to the apical meristem (usually 13 cm below the apical meristem) than those on Eurasian watermilfoil (ϳ18 cm below the apical meristem); however, these differences were not statistically signiÞcant (F ϭ 2.1, df ϭ 2,18, P ϭ 0.2).
Experiment 2: Eastern Washington Weevils-Western Washington Watermilfoils
On average, weevil females laid 2 Ϯ 0.3 eggs/d during this experiment. Among the four experimental groups, the average hatching time was within 3 d, and egg survival ranged from 81 to 100% (Table 1) . Neither hatching time or egg survival varied signiÞcantly between Eurasian and northern watermilfoil from eastern or western Washington (hatching time: F ϭ 0.1, df ϭ 3,51, P ϭ 1.0; egg survival: 2 , df ϭ 3, P Ͼ 0.05). The larval stage ranged from 12 to 19 d on average (Table 1) . Larvae reared on northern watermilfoil from eastern Washington had a signiÞcantly shorter larval stage than larvae reared on northern watermilfoil from western Washington (F ϭ 6.7, df ϭ 3,21, P Ͻ 0.01, Tukey P Ͻ 0.02). In addition, the larval stage was shorter on eastern Washington northern watermilfoil than on western Washington Eurasian watermilfoil; this difference approached statistical signiÞcance (Tukey P ϭ 0.06). The mean larval damage per day was not signiÞcantly different between the watermilfoil species or the regions (0.8 Ϯ 0.1 cm; F ϭ 0.8, df ϭ 3,21, P ϭ 0.5). The pupal stage ranged from 12 to 14 d (Table  1) and did not differ signiÞcantly among the groups (F ϭ 0.4, df ϭ 3,13, P ϭ 0.8). The development time from egg to pupa was signiÞcantly shorter on northern watermilfoil from eastern Washington than on northern watermilfoil from western Washington (F ϭ 5.9, df ϭ 3,21, P ϭ 0.01, Tukey P ϭ 0.02). However, the egg to pupa survival on northern watermilfoil from western Washington (treatment 2 ϭ 60% survival) was signiÞcantly greater than the control group (13% survival; 2 (obs) ϭ 7.6 Ͼ 2 (1,0.05) ϭ 3.8, df ϭ 1, P Ͻ 0.05). The control group also had a signiÞcantly lower egg to pupa survival than the other northern watermilfoil treatment from eastern Washington (treatment 3 ϭ 53% survival; 2 (obs) ϭ 5.9 Ͼ 2 (1,0.05) ϭ 3.8, df ϭ 1, P Ͻ 0.05). No signiÞcant differences in egg to pupa survival were found between the control group and weevils reared on Eurasian watermilfoil from western Washington, although the latter had a higher survival (40%; 2 , df ϭ 1, P Ͼ 0.05). Weevils reared on northern watermilfoil from eastern Washington appeared to have a shorter egg to adult development time than weevils reared on Eurasian and northern watermilfoil from western Washington (Table 1) . These differences, however, were not statistically signiÞcant (F ϭ 1.1, df ϭ 3,13, P ϭ 0.4). On average, egg to adult development ranged from 29 to 34 d at 23.5ЊC. No signiÞcant differences were found in the egg to adult survival among the groups ( 2 , df ϭ 3, P Ͼ 0.1). Body size did not vary signiÞcantly between males and females among parental weevils or among weevil progeny (parental body length: t ϭ 0.4, df ϭ 6, P ϭ 0.7; parental body width: t ϭ 0.6, df ϭ 6, P ϭ 0.6; progeny body length: t ϭ 0.2, df ϭ 15, P ϭ 0.9; progeny body width: t ϭ Ϫ0.2, df ϭ 15, P ϭ 0.9). Parental adults were signiÞcantly longer than adult progeny (t ϭ 6.0, df ϭ 16, P Ͻ 0.001), but not signiÞcantly wider (t ϭ 0.2, df ϭ 20, P ϭ 0.8). Parental adults were 3.0 Ϯ 0.0 mm long and 1.4 Ϯ 0.07 mm wide; adult progeny were 2.6 Ϯ 0.07 mm long and 1.3 Ϯ 0.06 mm wide. Progeny body size was not signiÞcantly different among weevil pairs (body length: F ϭ 0.3, df ϭ 4,12, P ϭ 0.9; body width: F ϭ 0.8, df ϭ 4,12, P ϭ 0.6). However, the adults that emerged from eastern Washington northern watermilfoil plants were longer and wider (control ϭ 2.7 Ϯ 0.2 mm long ϫ 1.3 Ϯ 0.2 mm wide; treatment 3 ϭ 2.8 Ϯ August 2004 TAMAYO AND GRUE: DEVELOPMENTAL PERFORMANCE OF E. lecontei0.1 mm long ϫ 1.5 Ϯ 0.1 mm wide) than adults that emerged from Eurasian (treatment 1 ϭ 2.3 Ϯ 0.1 mm long ϫ 1.2 Ϯ 0.02 mm wide) and northern plants (treatment 2 ϭ 2.5 Ϯ 0.03 mm long ϫ 1.3 Ϯ 0.03 mm wide) from western Washington. In fact, adults that were reared on northern watermilfoil from eastern Washington in treatment 3 were signiÞcantly longer (F ϭ 4.4, df ϭ 3,13, P ϭ 0.02, Dunnett P ϭ 0.03) and almost signiÞcantly wider (F ϭ 2.8, df ϭ 3,13, P ϭ 0.08, Dunnett P ϭ 0.08) than adults reared on Eurasian watermilfoil from western Washington. The pupal chambers on northern watermilfoil from western Washington were signiÞcantly closer to the apical meristem (12 Ϯ 1 cm below the apical meristem) than the pupal chambers on Eurasian watermilfoil from the same region (19 Ϯ 1 cm below the apical meristem; F ϭ 3.5, df ϭ 3,21, P ϭ 0.03, Dunnett P ϭ 0.02). However, the diameter of the pupal chambers ranged from 2 to 3 mm and did not vary signiÞcantly between eastern and western Washington plants or between Eurasian and northern watermilfoil (F ϭ 2.1, df ϭ 3,21, P ϭ 0.1).
Experiment 3: Western Washington Weevils-Western Washington Watermilfoils
Weevil females had a mean fecundity of 3 Ϯ 0.7 eggs/d. Eggs hatched within 3 d, and egg survival ranged from 69 to 93% (Table 2) . Egg survival and hatching time did not differ signiÞcantly among the experimental groups (hatching time: F ϭ 0.3, df ϭ 2,32, P ϭ 0.7; egg survival: 2 , df ϭ 2, P Ͼ 0.1). The larval stage ranged from 12 to 13 d and did not vary significantly between Eurasian and northern watermilfoil (F ϭ 0.4, df ϭ 2,10, P ϭ 0.7). The amount of larval damage per day, however, varied between the watermilfoil species. Northern watermilfoil had signiÞ-cantly more larval damage per day (1.7 Ϯ 0.2 cm) than Eurasian watermilfoil from treatment 1 (1.0 Ϯ 0.1 cm; F ϭ 4.3, df ϭ 2,10, P ϭ 0.05, Tukey P ϭ 0.04). In addition, the amount of larval damage per day on Eurasian watermilfoil from the control group (1.1 Ϯ 0.05 cm) was almost signiÞcantly less than on northern watermilfoil (Tukey P ϭ 0.08). The majority (78%) of larvae reared on northern watermilfoil died before pupation. Only two larvae entered the pupal stage but both died before emergence. One of the larvae had metamorphosed into an adult but died while in the pupal chamber. Body measurements were taken from this adult for comparison with Eurasian reared adults. For larvae reared on Eurasian watermilfoil, the pupal stage lasted 8 Ð10 d. Overall, the development time from egg to pupa among the three groups was 15Ð16 d and did not differ signiÞcantly between Eurasian and northern watermilfoil (F ϭ 0.7, df ϭ 2,10, P ϭ 0.5). Weevils reared on Eurasian watermilfoil seemed to have the highest egg to pupa survival (control, 27%; treatment 1, 47%) compared with weevils reared on northern watermilfoil plants (treatment 2, 15%), but these differences were not signiÞcant ( 2 , df ϭ 2, P Ͼ 0.1). Egg to adult development on Eurasian watermilfoil was completed in 20 Ð23 d at 26.4ЊC.
Parental males and females did not vary signiÞcantly in body size (parental body length: t ϭ 1.0, df ϭ 2, P ϭ 0.4; parental body width: t ϭ 0.4, df ϭ 4, P ϭ 0.7). In contrast, male progeny were signiÞcantly longer than female progeny (t ϭ Ϫ3.1, df ϭ 4, P ϭ 0.04), although not signiÞcantly wider (t ϭ Ϫ1.0, df ϭ 4, P ϭ 0.4). Male progeny were 2.7 Ϯ 0.09 mm long and 1.4 Ϯ 0.1 mm wide, whereas female progeny were 2.2 Ϯ 0.2 mm long and 1.2 Ϯ 0.0 mm wide. Parental adults were signiÞ-cantly longer than adult progeny (t ϭ 2.6, df ϭ 7, P ϭ 0.03). Body width did not differ signiÞcantly between parental and progeny adults (t ϭ Ϫ1.4, df ϭ 7, P ϭ 0.2). Parental adults were 3.0 Ϯ 0.03 mm long and 1.1 Ϯ 0.03 mm wide; adult progeny were 2.5 Ϯ 0.1 mm long and 1.3 Ϯ 0.1 mm wide. Adult progeny did not vary signiÞcantly in body size among weevil pairs (body length: F ϭ 0.4, df ϭ 2,3, P ϭ 0.7; body width: F ϭ 1.8, df ϭ 2,3, P ϭ 0.3). Furthermore, no signiÞcant differences were detected in the body length and width of adult progeny reared on Eurasian or northern watermilfoil (body length: F ϭ 0.6, df ϭ 2,3, P ϭ 0.6; body width: F ϭ 0.02, df ϭ 2,3, P ϭ 0.9). Adult progeny ranged from 2.4 to 2.8 mm in length and 1.3 to 1.4 mm in width. The diameter of the pupal chambers on both watermilfoil species was 2 mm. The pupal chambers on northern plants were in general closer to the apical meristem (12 Ϯ 2 cm) than the chambers on Eurasian plants (18 Ϯ 2 cm), but these differences were not signiÞcant (F ϭ 2.5, df ϭ 2,11, P ϭ 0.1).
Experiment 4: Western Washington Weevils-Eastern Washington Watermilfoils
Weevil females laid on average 3 Ϯ 1.3 eggs/d. Egg hatching occurred within 3 d among the groups (Table  2) . Egg survival on Eurasian watermilfoil was 91Ð100%, whereas on northern watermilfoil, it was 57%. Egg survival was signiÞcantly lower on northern watermilfoil from eastern Washington than on Eurasian watermilfoil from the same region ( 2 (obs) ϭ 5.7 Ͼ 2 (1,0.05) ϭ 3.8, df ϭ 1, P Ͻ 0.05). The larval stage lasted on average 10 Ð13 d (Table 2) , and it did not differ signiÞcantly between eastern and western Washington or between Eurasian and northern watermilfoil (F ϭ 0.2, df ϭ 2,4, P ϭ 0.8). The amount of larval damage per day did not vary signiÞcantly with watermilfoil species or region (1.0 Ϯ 0.1 cm; F ϭ 0.8, df ϭ 2,4, P ϭ 0.5). Less than 30% of the larvae in all three experimental groups entered the pupal stage. No signiÞcant differences were found in the development time from egg to pupa among the groups (F ϭ 0.2, df ϭ 2,4, P ϭ 0.8). On average, egg to adult development occurred in 21Ð27 d at 26.4ЊC and did not differ signiÞcantly based on region (eastern versus western Washington) or watermilfoil species (F ϭ 0.3, df ϭ 2,1, P ϭ 0.8).
No signiÞcant differences in body size were detected between parental males and females or between male and female progeny (parental body length: t ϭ 0.6, df ϭ 1, P ϭ 0.7; parental body width: t ϭ 0.0, df ϭ 1, P ϭ 1.0; progeny body length: t ϭ 1.0, df ϭ 2, P ϭ 0.4; progeny body width: t ϭ Ϫ0.2, df ϭ 2, P ϭ 0.9). Although only four adults emerged during the entire experiment, they seemed to have similar body length (2.5Ð2.6 mm) and width (1.3Ð1.5 mm). Parental adults were signiÞcantly longer than their adult progeny (parental body length ϭ 3.0 Ϯ 0.1 mm; progeny body length ϭ 2.6 Ϯ 0.03 mm; t ϭ 7.5, df ϭ 4, P Ͻ 0.01). No signiÞcant differences were found for body width between parental and progeny adults (parental body width ϭ 1.3 Ϯ 0.2 mm; progeny body width ϭ 1.3 Ϯ 0.1 mm, t ϭ Ϫ0.1, df ϭ 4, P ϭ 0.6). The body size of the emerging adults did not vary significantly among weevil pairs (only two pairs produced adult progeny; progeny body length: t ϭ Ϫ1.0, df ϭ 2, P ϭ 0.4; progeny body width: t ϭ Ϫ0.2, df ϭ 2, P ϭ 0.9). The diameter of the pupal chambers ranged from 2.3 to 3.0 mm. Six of the seven pupal chambers (all experimental groups) were within 15 cm from the apical meristem. No signiÞcant differences were detected in the size of the emerging adults or the pupal chamber diameter and distance from the apical meristem among the groups (progeny body length: F ϭ 0.5, df ϭ 2,1, P ϭ 0.7; progeny body width: F ϭ 4.3, df ϭ 2,1, P ϭ 0.3; pupal chamber distance to meristem: F ϭ 0.5, df ϭ 2,4, P ϭ 0.7; pupal chamber diameter: F ϭ 2.5, df ϭ 2,3, P ϭ 0.2).
Comparison Among Experiments
The overall development time from egg to adult was signiÞcantly longer for weevils reared at 23.5ЊC (experiment 2) than weevils reared at 26.4ЊC (experiments 1, 3, and 4; F ϭ 9.9, df ϭ 3,25, P Ͻ 0.001, Tukey P Ͻ 0.02). The egg to pupa development time was also signiÞcantly longer at 23.5ЊC (F ϭ 8.1, df ϭ 3,53, P Ͻ 0.001, Dunnett P Ͻ 0.04). On average, weevils reared at 23.5ЊC developed from egg to adult in 32 Ϯ 0.9 d, and egg to pupa development occurred in 20 Ϯ 0.7 d. At this temperature, hatching occurred in 3 Ϯ 0.2 d, the larval stage lasted 17 Ϯ 0.7 d, and the pupal stage was 13 Ϯ 0.6 d.
Development times for egg to adult or egg to pupa were not signiÞcantly different among the rearing experiments at 26.4ЊC (egg to adult: F ϭ 0.4 df ϭ 2,12, P ϭ 0.7; egg to pupa: F ϭ 0.3, df ϭ 2,32, P ϭ 0.8). In addition, these development times did not vary signiÞcantly among experimental groups (control, treatment 1, treatment 2, and treatment 3; egg to adult: F ϭ 0.4, df ϭ 2,12, P ϭ 0.7; egg to pupa: F ϭ 0.5, df ϭ 2,32, P ϭ 0.6). No signiÞcant interactions were observed between experiment number and experimental group (egg to adult: F ϭ 2.0, df ϭ 2,12, P ϭ 0.2; egg to pupa: F ϭ 0.7, df ϭ 4,32, P ϭ 0.6). At 26.4ЊC, the average development time from egg to adult was from 20 to 27 d and egg to pupa development was from 13 to 16 d. Hatching at this temperature generally occurred within 3Ð 4 d. The larval stage lasted 10 Ð13 d, whereas the pupal stage lasted 8 Ð10 d. Although performance did not vary signiÞcantly between lakes with Eurasian watermilfoil (Sawyer, Clear, Whitestone) and lakes with northern watermilfoil (Corral, Burke, Beaver), egg to adult development time was slightly shorter (22 Ϯ 1 d) on northern watermilfoil lakes than on Eurasian watermilfoil lakes (23 Ϯ 1 d; t ϭ Ϫ0.8, df ϭ 17, P ϭ 0.4). Emerging adult size also did not vary signiÞcantly (progeny body length: t ϭ 0.5, df ϭ 19, P ϭ 0.6; body width: t ϭ Ϫ0.2, df ϭ 19, P ϭ 0.9), but pupal chamber diameter was signiÞcantly greater, and distance from apical meristem was signiÞcantly shorter on northern watermilfoil lakes (diameter ϭ 2.6 Ϯ 0.1 mm; distance ϭ 12 Ϯ 0.9 cm) than on Eurasian watermilfoil lakes (diameter ϭ 2.3 Ϯ 0.1 mm; distance ϭ 16 Ϯ 2 cm; chamber diameter: t ϭ 3.1, df ϭ 39, P Ͻ 0.01; chamber distance: t ϭ Ϫ2.1, df ϭ 37, P Ͻ 0.05). In general, northern watermilfoil plants tended to have wider stems than Eurasian watermilfoil plants, which likely explains the differences in pupal chamber diameter and distance to apical meristem between the watermilfoil species. Finally, adult size, pupal chamber diameter and distance from apical meristem, and development times per life stage and from egg to adult were very similar among lakes with Eurasian waterAugust 2004 TAMAYO AND GRUE: DEVELOPMENTAL PERFORMANCE OF E. leconteimilfoil, as well as among lakes with northern watermilfoil.
Discussion
Weevils from lakes in eastern Washington with only northern watermilfoil did not seem to be penalized in their development time (egg to adult or egg to pupa), survival (all life stages), or emerging adult size (body width or length) when reared on Eurasian or northern watermilfoil from other lakes in eastern Washington (experiment 1). These results were consistent with those reported by Newman et al. (1997) , where weevils from lakes in Minnesota with only Eurasian or northern watermilfoil were not penalized in their development time, survival, or emerging adult mass when reared on Eurasian watermilfoil. However, Newman et al. (1997) , as well as Solarz and Newman (2001) , found that weevils reared on Eurasian watermilfoil (regardless if the source populations were from lakes with Eurasian or northern watermilfoil) had a shorter development time than those reared on northern watermilfoil, whereas in this study, the opposite was true. Even though no signiÞcant differences were detected in development time among the treatments in experiment 1, weevils that were reared on northern watermilfoil took fewer days (2Ð 4 d less) to develop from egg to adult than weevils reared on Eurasian watermilfoil. This same trend was observed for egg to pupa development. Northern watermilfoil may have provided a higher nutritional value than the Eurasian watermilfoil. However, there is some evidence to the contrary, because weevils reared on Eurasian watermilfoil were in general larger than those reared on northern watermilfoil. Solarz and Newman (2001) also found that weevils were larger when reared on Eurasian watermilfoil than on northern watermilfoil. Additionally, Newman et al. (1997) reported that weevils reared on northern watermilfoil tended to weigh less compared with weevils reared on Eurasian watermilfoil.
The low number of emerging adults seen in experiment 1 may be explained, in part, by plant quality that seemed to play an important role in pupation success. Northern watermilfoil stems tended to senesce much faster under laboratory conditions than Eurasian stems, regardless if they were from eastern or western Washington. Many northern watermilfoil stems became degraded during the weevilÕs pupal stage, which may explain the low number of emerging adults in some of the experimental groups with northern watermilfoil (e.g., controls for experiments 1 and 2). None of the weevils reared on northern watermilfoil from Burke Lake during experiment 1 (treatment 2) completed pupation. However, when this treatment was repeated the following year (experiment 2, treatment 3), 47% of the eggs developed into adults. This higher number of emerging adults was likely caused by the more frequent replacement of apical stems (every 2Ð 4 d in experiment 2 versus 3Ð 6 d in experiment 1) and the cooler water temperature (23.5ЊC), which may have slowed plant senescence. Plant senescence, particularly of northern watermilfoil, may have been reduced further if rooted plants rather than apical stems had been used in the experiments. Newman et al. (1997) hypothesized that watermilfoil plants with well-established roots were important for successful pupation. Furthermore, a reduction in plant quality may explain why parental adults had a greater body length than their progeny, a trend that was observed in all four experiments. Other insect studies have reported the potential inßuence of plant quality on herbivory (Rieder et al. 2001 ), development (VanKlinken 1999 , Hinz and Mü ller-Schärer 2000 , Wheeler 2001 , and oviposition preference (Horner and Abrahamson 1992, Fondriest and Price 1996) . Despite the problems with plant quality, it seems that eastern Washington weevils from northern watermilfoil source populations perform well, without any significant penalties, on Eurasian watermilfoil from the same region.
In addition, eastern Washington weevils from lakes with northern watermilfoil were also able to complete development when reared on Eurasian and northern watermilfoil from western Washington (experiment 2). The weevils were not penalized in their egg to adult development time or survival when reared on either native or exotic watermilfoils from western Washington. Regional differences, however, were detected in egg to pupa development time, the number of days spent as a larva, and body size at emergence. When eastern Washington weevils were reared on northern watermilfoil from western Washington, they had a signiÞcantly longer egg to pupa development time and larval stage than when reared on northern watermilfoil from eastern Washington. Similar penalties, although not statistically signiÞcant, were seen on Eurasian watermilfoil from western Washington. Also, penalties in adult body size may occur in some cases. In general, eastern Washington weevils from northern watermilfoil lakes were smaller when reared on Eurasian from western Washington than on northern watermilfoil from eastern Washington. Although it is unknown whether these penalties are short term (only in the Þrst generations) or long term (over several generations), the evidence indicates that eastern Washington weevils (northern watermilfoil source population) can complete development on Eurasian watermilfoil from western Washington without dramatic effects on their egg to adult development time or survival. However, the potential impacts that eastern Washington weevils may pose on the native watermilfoils in western Washington require further evaluation. Experiment 2 indicates that eastern Washington weevils can also develop on northern watermilfoil from western Washington, exhibiting sometimes a signiÞcantly greater egg to pupa survival than weevils reared on certain northern watermilfoils from eastern Washington (e.g., Warden Lake). This difference in survival suggests that some regional variation among northern watermilfoil populations may exist. Additionally, the higher egg to pupa survival on northern watermilfoil (and Eurasian watermilfoil) from western Washington may also be caused by this stockÕs lack of exposure and adaptation to weevil herbivory. If indeed E. lecontei has been present in western Washington for less time than in eastern Washington, then Eurasian and northern watermilfoil in western Washington might be more susceptible to E. lecontei because they have had less time to adapt to weevil herbivory. Ultimately, an experiment where eastern Washington weevils are reared on western Washington watermilfoil plants (Eurasian and northern) over several generations would determine if the observed penalties and the potential impacts on native watermilfoils are long term in nature and whether they may have evolutionary or ecological implications.
Weevils from western Washington (Eurasian watermilfoil source population) reared on watermilfoil species from the same region (experiment 3) only developed from egg to adult on Eurasian watermilfoil. It seems that western Washington weevils are not penalized in their survival, development time, or size at emergence when reared on Eurasian watermilfoil from other lakes in western Washington. In some cases, they may actually perform better by producing more pupae and emerging adults. However, western Washington weevils (Eurasian watermilfoil source population) may be penalized in their overall survival when reared on northern watermilfoil from the same region. Although weevil larvae produced more daily damage on northern watermilfoil than on Eurasian plants, most of them died before pupation. This poorer performance on northern watermilfoil may be because the weevils used in experiment 3 were from Lake Sawyer, a Eurasian watermilfoil source population. Newman et al. (1997) found evidence that weevils from parents raised on Eurasian watermilfoil performed worse on northern watermilfoil than weevils from parents raised on northern watermilfoil. In addition, studies in Minnesota Newman 1996, 2001) and Vermont (Sheldon and Jones 2001) have shown that Eurasian-reared weevils prefer Eurasian watermilfoil for oviposition to northern watermilfoil, thus exhibiting selectivity toward Eurasian watermilfoil. Eurasian watermilfoil has been present in Lake Sawyer for at least 27 yr (Walton 1996) . Although it is unknown how long E. lecontei has inhabited Lake Sawyer, it has been present for at least 7 yr , and likely longer, allowing multigenerational exposure and adaptation to Eurasian watermilfoil.
Western Washington weevils also seem to not be penalized in their egg to adult survival, development time, or body size at emergence when reared on Eurasian or northern watermilfoil from eastern Washington (experiment 4). Nonetheless, the larval stage of western Washington weevils (or at least those from Lake Sawyer) seemed to be a limiting life stage. Mortality was highest at the larval stage regardless if weevils were reared on Eurasian or northern watermilfoil from eastern (experiment 4) or western (experiment 3) Washington.
This study indicates that, regardless of the geographic origin of the weevil (i.e., from eastern or western Washington), development time (egg to adult or egg to pupa) does not vary signiÞcantly when provided Eurasian or northern watermilfoil from different lakes in Washington. Development time did vary with water temperature. Egg to adult development occurred Ϸ1.4 times faster at 26.4ЊC than at 23.5ЊC. Weevils that were raised at a water temperature of 26.4ЊC (experiments 1, 3, and 4) had very similar development times as those reported by Newman et al. (1997) for Minnesota weevils raised at 24.8ЊC on both Eurasian (23 d) and northern watermilfoil (25Ð26 d). Mazzei et al. (1999) also found that Minnesota weevils completed their egg to adult development in 24 d when raised on Eurasian watermilfoil at a constant water temperature of 23ЊC. Sheldon and OÕBryan (1996) reported that weevils in Vermont raised on Eurasian watermilfoil developed from egg to adult in Ϸ30 d at water temperatures ranging from 21.5 to 24.0ЊC, which was similar to that found for Washington weevils raised at 23.5ЊC (experiment 2). The hatching success reported for weevils in Minnesota (100%) and Vermont (87%) OÕBryan 1996, Newman et al. 1997 ) was close to that for Washington weevils (80 Ð100%). Minnesota weevils, however, had a considerably higher survival in their larval (82Ð100%) and pupal (60 Ð78%) stages (Newman et al. 1997) than Washington weevils (15Ð73%). These differences in survival may be because Newman et al. (1997) used rooted watermilfoil stems for their rearing experiments, which may have improved rearing conditions.
Research in Minnesota and Vermont (Solarz and Newman 1996 , Newman et al. 1997 , Sheldon and Jones 2001 , Solarz and Newman 2001 indicates that, once E. lecontei is exposed to Eurasian watermilfoil, it will not only prefer Eurasian watermilfoil for oviposition but also perform better on this plant than its native host, northern watermilfoil. There is evidence that the weevilÕs preference and selectivity toward Eurasian watermilfoil occurs fairly rapidly after exposure to Eurasian watermilfoil Jones 2001, Solarz and Newman 2001) . In addition, weevils in Vermont and Minnesota seem to show a reduction in fecundity and larval performance when reared on northern watermilfoil (Newman et al. 1997, Sheldon and Jones 2001) . Newman (2004) hypothesized that this poorer performance on northern watermilfoil explains the lower density and damage seen in some northern watermilfoil lakes (Sheldon and Creed 1995) . This study, however, indicates that weevil performance on Eurasian watermilfoil is not always better than on northern watermilfoil. In fact, the opposite was true for some weevil populations in Washington State, in which performance on northern watermilfoil was as good or better on northern watermilfoil than on Eurasian watermilfoil. The reasons why some weevil populations perform better on northern watermilfoil than others are unknown. Perhaps differences in plant quality and nutrition among northern watermilfoil populations may play a role. Environmental conditions in Washington may be more optimal for northern watermilfoil, and thus, the weevil performs better on some northern watermilfoil populations than Eurasian watermilfoil.
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Nutritional comparisons between Eurasian and northern watermilfoil populations relative to weevil performance are warranted. Given that most studies with northern watermilfoil and E. lecontei have occurred under laboratory conditions (Creed and Sheldon 1993 , Sheldon and Creed 1995 , Solarz and Newman 1996 , 2001 , Sheldon and Jones 2001 , there is a need to better understand the weevilÕs interaction with northern watermilfoil in nature.
